Three experiments were conducted to evaluate the efficacy of replacing corn and dried whey with corn gluten meal (CGM) and lactose, and to evaluate two sources of edible-grade dried whey that elicited different postweaning pig growth performances. In Exp. 1, two corn-soybean meal (C-SBM) diets without or with 20% dried whey (C-SBM-DW) were formulated to contain 1.15% lysine. A third diet replaced the corn and dried whey component with CGM and lactose. The experiment used 108 crossbred pigs weaned at 23 k 2 d of age weighing 6.25 kg BW and was conducted in six replicates as a randomized complete block design. Pig weight gains when the C-SBM-DW diet was fed were poor in one trial, whereas a second trial resulted in improved ( P < .01) performance responses to the inclusion of dried whey. The CGM-SBM-lactose diet resulted in pig gains that equaled the performance responses of the C-SBM-DW diet of Trial 2. A second experiment was subsequently designed t o evaluate the effects of adding lactose or lactalbumin to the CGM-SBM-DW diets using the two dried whey sources that had been identified as good or poor quality in Exp. 1. Diets included dried whey at a 25% level and were formulated to a low lysine level (.95%) to assess the nutritional efficacy of the dried whey sources. The experiment was conducted for a 21-d postweaning period, used a total of 240 pigs weaned at 23 k 2 d of age initially weighing 6.6 kg BW and was conducted in six replicates in a randomized complete block design. Resulting pig weight gains demonstrated that during the 0-to 7-d postweaning period, dietary carbohydrate was the limiting nutritional factor when the pigs were fed either dried whey source, whereas from d 8 to 21 the amino acids from lactalbumin became the limiting nutritional component. Chemical composition of the two whey sources demonstrated that the poor-quality dried whey had a light brown color and was lower in both total and available lysine contents than the good-quality dried whey source. A third experiment evaluated the efficacy of increasing the dietary level of lactose in a CGM-SBM diet. A CGM-SBM diet with 47% cornstarch was compared with a C-SBM diet. The cornstarch component of the CGM-SBM diet was replaced with 50 or 100% lactose in two additional treatment groups. A total of 144 crossbred pigs weaned at 23 k 2 d of age initially weighing 6.0 kg BW were used in six replicates in a randomized complete block design. The results demonstrated similar pig gains and feed performance responses when the C-SBM or the CGM-SBM with added cornstarch was fed, but gains and feed intakes increased linearly ( P < .01) as lactose increased from 0 to 47% for both the 0-to 14-d and 15-to 35-d postweaning period. The results of these experiments demonstrated that CGM and lactose could effectively replace dried whey in pig starter diets and that dietary lactose levels from 32 to 47% improved pig gains throughout a 35-d postweaning period.
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Recent evidence has indicated that during the early postweaning period much of the nutritional value of whey resides in its carbohydrate fraction (Mahan, 1992) , suggesting that if another protein source along with a highly digestible carbohydrate is provided, the replacement of milk products in pig starter diets may be possible. Corn is incorporated at relatively high levels in pig starter diets but its starch is not utilized as effectively with the 3-wk-old weaned pig as the less complex carbohydrates (D. C. Mahan and E. A.
Newton, unpublished data). Corn gluten meal ( CGM) has an amino acid profile similar to corn and the use of this protein source and the replacement of the starch component of corn with simpler carbohydrates would be a way to evaluate the relative efficacy of these two corn components in the diets of weanling pigs.
This experiment was conducted to evaluate a C-SBM diet with or without dried whey and replacing the corn and whey with a CGM and lactose combination; but pig growth response to the diet containing dried whey was less than expected. Therefore, the objective of the experiment was enlarged to investigate the reason for the poor pig performance when dried whey was fed.
Experimental Procedures
Experiment 1 . An experiment was conducted to evaluate the postweaning performance of pigs fed a diet using CGM, SBM, and lactose combination vs a negative control C-SBM or a positive control C-SBM diet with 20% dried whey ( C-SBM-DW). The negative and positive control diets were formulated t o contain 1.15% lysine with vitamin and mineral levels provided that met or exceed NRC (1988) requirements (Table 1) . A third diet was formulated using the same SBM level as the C-SBM diet with CGM substituted to the lysine equivalent provided by corn. Lactose was added at 16%, the approximate percentage when dried whey is incorporated at 20%, with cornstarch added as the remainder of the diet.
A total of 108 crossbred ([Yorkshire x Landrace] x Duroc) pigs were allotted by weight, litter, and sex in a randomized complete block experiment in six replicates to the three dietary treatments. Pigs were weaned at 23 f 2 d of age and weighed an average of 6.25 kg BW. Pigs were housed in groups of six in 1.2-m x 1.2-m elevated nursery pens. Each pen had a rubber-coated, expanded metal floor, electric heat pad (50% of floor area), a five-hole self feeder, and one nipple waterer. Environmental temperatures were initially established at 28°C but adjusted to 20°C by the end of the 35-d trial. Pig data were composited for the 0-to 14-d and 15-to 35-d periods.
Feeding the C-SBM-DW diet in the above trial did not result in the expected improvement in pig gains compared with that previously attained when this type of diet was fed. The poor response was attributed to the quality of dried whey. Consequently, another source of edible grade dried whey was obtained. A second trial was, therefore, conducted identical in design and experimental procedures to Trial 1, except that a different source of dried whey was used in the C-SBM-DW diet. The genotype and number of pigs, facilities, and management were identical to Trial 1. Experiment 2. A limited supply of both dried whey sources was available from the above trials for this experiment. To evaluate the nutritional value of the dried whey sources more effectively, dried whey was included a t a 25% rather than at the 20% level in the previous experiment. Diets were formulated to a lower lysine level (.95%), also allowing a greater nutritional effect to be gleaned from the dried whey sources. The first diet was formulated using a C-SBM combination and served as the negative control. Two series of treatment diets were formulated with each series incorporating a different dried whey source. The first diet in each series incorporated dried whey at 25% and adjusted the CGM and SBM to the .95% dietary lysine level with cornstarch added to the remainder of the diet ( CGM-SBM-DW). The third and fourth dietary treatments were similar in composition but incorporated either lactose at the appropriate equivalent of dried whey (16.5%) or lactalbumin at the protein equivalent of the dried whey (2.80%) at the expense of cornstarch. The addition of lactose or lactalbumin was intended to determine which of these components, when added in combination with the dried whey, would enhance postweaning pig performance, thus identifying the limiting nutritional component of the dried whey sources. Because the protein (lysine) level was higher when lactalbumin was added to the CGM-SBM-DW diets (1.18% lysine), a positive control C-SBM diet was formulated to contain 1.18% lysine.
A total of 240 crossbred pigs weighing an average of 6.6 kg BW, similar in age and breed composition to those in Exp. 1 were used. The experiment was conducted as a randomized complete block, with six replicates conducted over three time periods. Pigs were allotted by weight, litter, and sex and were housed in similar facilities and managed as in Exp. 1 except that there were five pigs per pen. Because the supply of dried whey was limited and greater pig performance differences would be expected during the initial weeks postweaning, the experiment was terminated after a 21-d period. Pigs were allowed ad libitum access to their diets and pig weights and feed intakes collected weekly.
Each of the dried whey sources and the positive and negative control diets were analyzed for CP by the Kjeldahl method outlined by AOAC (1990) . In addition, total and available lysine contents of each dried whey source were analyzed by HPLC methods (AOAC, 1990 ; Woodson-Tenent Laboratories, Memphis, TN). Each whey source was subjectively analyzed for color with the fat, ash, lactose, lactic acid, Ca, and Na analyzed by AOAC methods (1990; New Jersey Feed Laboratory, Trenton, N J ) .
Experiment 3. Because the CGM-SBM-lactose diet in Exp. 1 essentially replaced the corn and dried whey components and because lactose was considered a limiting nutrient in Exp. 2, a third experiment was conducted to evaluate the efficacy of various levels of lactose added to a CGM-SBM diet. A negative control C-SBM diet was formulated to contain 1.18% lysine by varying the ratio of these feedstuffs. A second diet substituted CGM for the corn protein on a lysine equivalent basis. Cornstarch was incorporated at 47%, replacing the same relative amount of starch when corn was used in the diet. Dietary SBM level was maintained at a constant level between these two formulations to ensure an equal amino acid contribution from this protein source. The CGM-SBM cornstarch diet was thus considered nutritionally equivalent to the C-SBM negative control diet. Two additional treatment diets were formulated using the same dietary level of CGM and SBM except that lactose replaced either 50 or 100% of the cornstarch of the CGM-SBM treatment diet. Diets were formulated to meet or exceed NRC (1988) nutrient requirements (Table 1) . A total of 180 crossbred ([Landrace x Yorkshire] x Duroc) pigs were allotted by weight, litter, and sex to six replicates in a randomized complete block design experiment. Pigs were weaned at 23 f 2 d of age and weighed an average of 6.0 kg BW. Weaned pigs were in groups of six per pen and housed in facilities and managed similar to the animals of Exp. 1.
Statistical Analyses. The GLM procedure of SAS (1985) was used to analyze the data of the three experiments. Pen was considered the experimental unit in each experiment with time included in the statistical models. Treatments were compared by the LSD method in Exp. 1 but a priori nonorthogonal treatment contrasts evaluated the means in Exp. 2.
These contrasts evaluated the negative control to the two basal diets with dried whey inclusion. Diets with the added lactose or lactalbumin were contrasted to their CGM-SBM-DW basal diet counterpart. The 1.18% lysine, positive control C-SBM diet and the CGM-SBM-DW diets containing lactalbumin were also compared. In Exp. 3, the C-SBM diet was compared with the CGM-SBM cornstarch diet and linear regressions evaluated the 0, 23.5, and 47% lactose levels.
Results and Discussion
The first trial of Exp. 1 demonstrated that pig gains and feed intakes were not improved when the C-SBM-DW diet was compared with the C-SBM negative control diet, whereas, in Trial 2 the C-SBM-DW diet resulted in superior gains ( P < .01) and feed intakes ( P < .01) during both the 0-to 14-d and 15-to 35-d periods ( Table 2 ). The poorer growth response to the C-SBM-DW diet in Trial 1 was attributed to a poor-quality dried whey, whereas the improved performance when the dried whey in Trial 2 was used implied that the whey was of better quality.
The results of Exp. 2 for the overall 0-to 2 1-d postweaning period comparing the negative control C-SBM diet with the two CGM-SBM-DW diets demonstrated that when the diet contained the dried whey of Source 2, pig growth rates improved by approximately 9%, but no improvement occurred when dried whey from Source 1 was fed (Table 3) . These overall performance responses were generally consistent with those obtained in Exp. 1.
During the initial 0-to 7-d postweaning period, there was a growth response only when lactose was added to the CGM-SBM-DW diets of either dried whey sources (Source 1, P < .06; Source 2, P < .02). When lactalbumin was added to the CGM-SBM-DW diets, no improvement in growth rate occurred compared with either of the appropriate CGM-SBM-DW treatment counterparts even though both diets were substantially higher in amino acid content than the basal. This suggests that the limiting nutritional factor immediately postweaning was energy, notably carbohydrate, not amino acids. It should be noted that both of the CGM-SBM-DW basal diets contained approximately 16% lactose, yet a growth response resulted when additional lactose or a total dietary level of approximately 32% was provided.
During the 8-to 14-d period, the addition of lactose did not enhance pig growth above that of their CGM-SBM-DW basal diet counterparts but rather produced a gain reduction, which tended to be significant ( P < .OS) when the dried whey from Source 2 was fed. There was, however, an increased growth rate to lactalbumin inclusion when added to both CGM-SBM-DW diets, but the response was not significant compared with their basal diet counterpart or to the positive control C-SBM diet.
From 15 to 21 d, the addition of lactose to the CGM-SBM-DW diets produced no improvement in growth rate over their CGM-SBM-DW basal diet counterpart. When lactalbumin was added to the CGM-SBM-DW diet, a gain improvement resulted compared with their basal diet counterpart, significant ( P < .01) only for the dried whey from Source 1. These results, however, imply that amino acids became the limiting nutritional component from the 8-to 14-d and 15-to 21-d periods, not energy as during the previous period. The diets with added lactalbumin were, aC-SBM = corn-soybean meal; C-SBM-DW = corn-soybean meal with 20% dried whey; CGM-SBM = b,CDifferent superscripts on the same row differ ( P < ,011.
corn gluten meal and soybean meal.
however, higher in total amino acid content than their lar growth performance compared with the 1.18% CGM-SBM-DW basal diet counterpart, which, howlysine, C-SBM diet. ever, confounds this interpretation. The two lactalbuBetween each weekly period, but particularly when min-containing CGM-SBM-DW diets resulted in simicomparing pig gains to their previous weekly period gain response, there was a large increase in weekly growth rate, being > 160 and > 45% for the 8-to 14-d and 15-to 21-d periods, respectively. This indicates a higher need for both amino acids and carbohydrate as rate of gain increases and suggests that at the higher growth rates amino acids became the limiting nutritional factor. These results demonstrate that both CGM-SBM-DW diets containing either dried whey source were initially limiting in a highly digestible carbohydrate, but as age and weight gain increased, amino acids became first limiting and carbohydrate may have been the next limiting nutritional factor. Consequently, the limiting nutritional factors of these diets seemed to change with age postweaning and as growth rates increased. The dried wheys used in Exp. 1 and 2 varied by source, not by grade with both classified as ediblegrade wheys. Source 1, however, had a slightly brownish ( t a n ) color, suggesting that the Maillard Reaction had occurred during the drying process which binds some of the lysine to lactose. Chemical analyses of the whey sources indicated some difference in their CP contents, but the major difference between the sources seemed to be in their total and available lysine concentrations (Table 4) . Both dried whey sources were, however, below the published .94% lysine values for dried whey (NRC, 1988) . Available lysine values were within .02% of the total value of each dried whey source, suggesting that total lysine values were sufficient to evaluate the lysine concentration of these dried wheys. There were other differences in chemical constituents of the whey sources, but these differences were not considered great enough to have affected the pig performance responses obtained in these trials.
Because both dried whey sources had low lysine values, the resulting C-SBM-DW diets formulated from these sources had a lower total dietary lysine level than initially calculated. Recalculation of these diets using the analyzed lysine values of the dried whey sources demonstrated that the C-SBM-DW basal diet with dried whey of Source 1 contained a total dietary lysine level of .84%, whereas the C-SBM-DW diet with the dried whey of Source 2 contained .92% lysine compared with the .95% lysine level in the negative control C-SBM diet. Lysine analyses of these diets confirmed the calculated values. These results suggest that the poor quality of the dried whey of Source 1 was largely attributable t o its low lysine content but that supplemental lactose and lactalbumin independently overcame this limitation. The 9% growth performance response to dried whey (Source 2 ) was perhaps even below that of good-quality whey (Mahan, 1984) , further implying that even though the dried whey of Source 2 had better gain responses than the diets containing the dried whey of Source 1, Source 2 still may not have been of the highest nutritional quality.
The initial objective of Exp. 1 was to compare the efficacy of a CGM-SBM diet containing approximately 16% lactose to a C-SBM diet with or without dried whey. The results of Exp. 1 demonstrated that CGM and lactose effectively replaced the corn and dried whey component in pig starter diets and that their beneficial effects were evident throughout the 35-d experimental period (Table 2 ). Dietary levels of lactose for the weaned pig initially postweaning may yet be higher than that provided when the diet contains 20 to 25% dried whey and may be beneficial for the entire starter period.
The results of Exp. 3 comparing the C-SBM with the CGM-SBM diet containing 47% cornstarch demonstrated a slight gain advantage during the initial 14 d postweaning but a disadvantage during the subsequent 21-d period. Consequently, for the overall 35-d period, gain, feed intake, and gaintfeed ratio were generally similar between these two treatment groups, demonstrating the nutritional equivalence of these two diet compositions.
When lactose replaced cornstarch, there was a linear improvement ( P < .05) in both pig weight gains and feed intakes during the initial 14-d postweaning period as the level of lactose increased. During the 15-to 35-d period, gains increased ( P < . O l ) linearly while feed intake increased quadratically ( P < . 0 5 ) as lactose level increased. Consequently, for the overall 35-d period the incorporation of lactose at a 47% level resulted in a linear improvement in gain ( P < ,011 and a quadratic response ( P < . 0 5 ) in feed intake.
Gain:feed ratio was not significantly affected by the addition of lactose.
The results of these three experiments confirm that supplemental lactose was important not only during the initial week postweaning but resulted in improved pig growth responses during the entire starting period. The data further suggest that cornstarch is not as effectively utilized as simpler carbohydrates, which in these experiments was lactose. aC-SBM = corn-soybean meal; CGM-SBM = corn gluten meal and soybean meal.
bLinear response ( P < .05) to the 0 to 47% lactose levels. CSignificant response ( P < .05) comparing the basal and the 0% lactose diet. dLinear response ( P < .01) for the 0 to 47% lactose levels. eQuadratic response ( P < .05) for the 0 to 47% lactose levels.
19861, but seems to be inadequate in the 3-wk-old pig. The dietary inclusion of lactose from 32 to 47% in these diets resulted in superior pig growth and feed performance responses not only during the initial 2 wk postweaning but throughout the entire 35-d starter period. This implies that cornstarch digestion in the intestinal trace of weaned pigs still is inadequate to 8 wk of age and that the pig can effectively utilize a less complex carbohydrate source throughout the starting period. The results from Exp. 3 also imply that the CGM-SBM lactose combination may be more consistent in postweaning pig responses than when dried whey is included in pig starter diets.
Implications
A poor-quality dried whey was lower in lysine content than a good-quality dried whey and resulted in poorer performance of weaning pigs. The available lysine values for both whey sources were within .02% of total values. Lactose was more nutritionally limiting in the diets of weaned pigs during the initial 7 d postweaning, whereupon amino acids became the limiting factor. Substituting corn gluten meal and lactose for corn and dried whey resulted in similar performance responses, suggesting that dried whey can be replaced in weanling pig diets. Dietary levels of lactose from 32 to 47% resulted in improved growth responses throughout a 35-d postweaning period.
